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-- 
The stability of non-Newtonian fluid confined between two concentric rotating porous cylinders has been 
examined. The critical Taylor number which determines the on set of instability has been determined as a 
funcxion of 'a' (wave length) and S (cross viscous parameter). Tho variation of the critical Taylor number with 8, 
suction parameter X and radial velocity distribution have been shown. It has been found that the e5ect of 
suotion at the outer cylinder is to stabilize the flow'whereas the injection destabilizes the flow. The presence of 
suction or injection does not affect radial velocity curves or vortex cells. 
Most analysis of the stability of flow between rotating cylinders and related flows with this geometry 
have .been concerned with tllc stability, characteristics of rotationally symmetric disturbances. Taylorl, 
Jeffrey#, Meksyna, ChnndraseIchal.4, Krueger & Diprimas, and Kelly & Alison6 have studied the viscous 
flow between the two cylinders. The experimental work of Coles7 indicated that if the speed of the inner 
cylinder is increased sufficiently beyond the critical speed, a cellular motion with a wavy form in the azi- 
muthal direction occurs. Rosanblats has investigated the centrifugal instability of an inviscid flow for axisym- 
metric disturbances in the stability of unsteadg periodic flows. DrazinQ considered the stability of a vortex 
sheet in an oscillating magnetic field. Recently PradhaulO studied the "Stability of a spiral flow with cubic 
axial velocity profile" in the case of narrow gap approximation. Chan Man Pongll, discussed the "Stability 
of flow of visco-elastic fluids between arbitrary spaced cylinders". Ready12 also-discussed the stability 
problem for visco-elastic fluids in the presence of suction and injection. Bhastara Raols discussed the 
stability problem for non-Newtonian fluids. The present results are compared with they results of Bhas- 
tara Rao, Bahl, and Reddylz-14. The results are coincjding with Bhaskara Rao's results i s  the absence of 
suction or injection and with Reddy's & Chan Man Pong's results in the absence of visco-elastic character 
and suction parameter. But the present results differ from Bahl's results. It was found that Bahl took 
a A aA K ,  = instead of K ,  = in the computation. This rnay be the-minor mistake 
Ra + 2  GC- R a v. - L + 2  d 
which cannot be detected so easily; but it eflects the complete stability of the fluid and gives exactly 
opposite results in the case of suction and injection. 
In thir: paper the couette flow between tm rotating cylinders when the suction and injection Are applied 
at  the outer cylinder respectively has been considered. It has been assumed that the spacing between the 
two cylinders is very small and the cylinders are rotating in the same, opposite.directions and the outer 
cylinder is at  rest. The critical Taylor number has been computed for different values of X (suction 
parameter) and the behaviour of the radial velocity distribution is calculated. Prom the calculations of 
the clitical Taylor number it is found that the,presence of injection destabilirres the flow. The flow is, how- 
ever, stable when suction is applied. The present results were compared with the previous results in the 
absence of suction or injection. I t  has also been -concluded that the radial yelocity curves or vortex 
pattern are not affected due to the suction or injection (for S = 0,0~001,0~005, 0.01). 
E Q U A T I O N S  OF M O T I O N  
The equations of motion and continuity in cylindrical polar co-ordinates are given by 
-- 
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where p is the density u, v and w are the velocity cbmponents in the directions of 7, 6 and z respectively. 
The stress components for a non-Newtonian fluid are given by 
Trr  re Trz 1 0 0  ew erg err erv erg erz err erg erz 
- 1 [ 0 l o l + 1 ~ [ e p e ~ ~ e g ] + 6 [ e g r % ~ g z [  T,y Tee 792 = - P e o ~  egg egz ( 5 )  1 Tzr T3 Ta j o o l ~  I ~ ~ ~ ~ ~ ~ ~ ~ . J  (ezr  ev e ~ z  J ew ezg e~ 
where 
- 
-- _I 
In the presence of suction and injection the equations (1) to (6) admit the steady state solution 
u = U(r) = c/r = Rle6,/r 1 
I 
where 1 = Rlu1la , a = a,  is the-radial velocity of the fluid a t  r = R, (radius of the inner cylinder) 
P 
and A, and Bl are arbitrary constants. For the motion of an incompressible fluid between two concen- . 
tda mtatinp cylinders of radii Rl and Ra (R2>Rl) the two constants A, and B, are related to the angular 
velocitiee of rotation Sd, and Qa of the inner and outer cylinders as 
where 
4 
p = -  and r )  = - Rl 
Ql Ra 
P E R T U R B A T I O N  ' E Q U A T I O N S  - 
Assuming the distu~bance to be symrnetrio about the axis of the cylinder, we can h k e  the velocity 
components and the pressure as - 
ot 
u = e Nr) cos p 1 
I 
ot 
v = e v(r) cos p f 
at I (8) . 
w = e w(r) sin I 7 - I 
' . 
where u, v and w are small compared to U and V. substituting the perturbed quantities (8) in ( 1 )  to (4) 
and eliminatingp after linearising the equations with respect to u, v and w the differential equations govern- 
ing the marginal stability are given by 
where 
with the boundary eonditions 
u = D * u = v = O  at  r = R l  a n d r = R g  (11) 
N A R R O W  G A P  A P P R O X I M A T I O N  
When d = R2,- Rl Q (R1 + Ra)/2 = Ro we need not distinguish between D and D,a. Shift- 
ing the origin midway between the cylinders, the equations (9) and (10) with the transformations 
* 
u reduce to (upto the terms of the order d/Ro) u+2sa1--- 
a 
( f )e-a2)2  u = [ I  - ( 1  - G) C - (1  - p) 8 ( D 2 - a a ) ]  v (12) 
(D2--a2) v = - Ta2 ec 1 - - + gl 5) 2 .  (13) 
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where the approximation used in this for A, r h ,  B,h2 - 
B1 are and A, rA + 7
where 
The boundary conditions are 
1 
- .  u = h = v = O  at  x =  
=b- (15) 
Tho equations (12), (13) and (16) determine the eigen value problem for T as a function of the parameters 
a ,  p, h and 8. 
M E T H O D  OF'  S O L U T I O N S  
Diprirna10 and Kurmegll have employed the Galerkin technique to solve the simultaneous equations 
assooiated with the hydrodynamic and .hydroms&etic stability of flows between the cencentric rotating 
cylinders. Here the Galerkin technique has been used ta study the eigen value problem (12) to (15). We take 
the trial functions satisfying the boundary conditions (15) and suitable for the present analysis, upto the 
first and second order approximation as 
. v = b1 (1 - 4 52) + b, 5 (1 --- 4 52) (16) 
where a,, as, b1 and b2 are constants. Applying the arthogonolity condition11 
[u, v] L (u, v) d( = 0 i (17) 
-& 
where L (u, o) ia the e m r  matrix,obkained on substituting (16) in (12) and (13) we get the secular equa- 
tion as 
where 
G l l  0 .  
0 622 
631 T G32 T 
G4l T 642 T 
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G44 = 3 (a8 f 42) 
The maximum value of T with respect to 'a' (the wave number) for fied p, h and S is the critical Taylor 
number Tc which governs the on set'of instability. The corresponding wave number is denoted by a,. 
For different values of X and S, (18) is solved for T, for a range of values of p given in Table 1. It is 
also seen from Table 1 that the critical Taylor values are computed for Ro/d = 1000, 100cwhere T, and 
at depend on X the injection (or suction) parameter. 
From Table 1 it can be seenthat the critical Taylor number To deheases in the case of injection and 
increases in the case of suction for 6xed p and 8. It shows that the viscous or cross viscous fluids destabilise 
with injection and are stable in the case of suction. The effect of suction and injection on the Newtonian 
and non-Newtonian (cross viscous) fluids (of stability) are same for p = 1 (if the cylinders are co-rotating). 
Table 1 is shown for R,/d=1000 and Ro/d=lOO. The Taylor number in case of R,,/d=100 is less when 
compared to Ro/d = 1000. Hence the fluid is more stable in the case of R,,/d = 1000 than in the case of 
Ro/d = 100. It is also found from Table 1 that the presence of suction or injection effects thenon- 
Newtonian fluid more than compared to the Newtonian fluid. The present results compared with Chandra- 
sekhar's results in the case of Newtonian fluids and Bhaskar Rao's results in the case of Newtonian and 
non-Newtonian fluids in the absence of suction or injection. The present authors have used the same 
method as used by Bhaskar Rao. But Bhaskar Rao deleted one term K2 = ( p  - 1 )  
Due to the effect of the above term the which appears in the expansion of the terms ArA and - p d '  
differenoe in the ~ a ~ l o i  number is clearly shown although it does not effect the idability much. 
An approximation for the velocity field perturbations is obtained by solving the four simultaneous 
equations whose determinant has been given in (IS), from which 5 ia obtained. Ueing the values of 
cr, 
a. and To to the corresponding values of p for R,/d = 1000, - ada& is ca~culated and are given in Table 2. 
The radial velocity perturbation (16) has been normalised to unity and the valies are tabulated. 
The presence of suction or injection will not disturb the radial velocity either in the Newtonian fluids or 
in the non-Newtonian fluids. In case of non-Newtonian fluids, the variation at  the fourth decimal place 
is found to be negligible. The calculations for Bold = 1000 and Rg/d = 100 are clearly shown in the Table 3. 
S=O 8s. 401 80  -01 
- - - 
CH-SEgmt BE-RAO BE-RAO BH-RAO 
I - - t 7 r L '7 
RADIAL VELOCITY DISTBIBUTIOH FOB w r. -1 -0 
DEF. Sm. J., VOL. 26, JANUARY 1976 
For constant values of S, p and # it is found that the disturbance in the vortex cells is practically 
nil when suction or injection is applied, in the case of narrow gap approximation. It is calculated for diff- 
erent values of p (1 to -4). Hence it can be concluded that the presence of suction or injection does not 
have any effect on vortex cells a t  the onset of instability. Since the variation is negligible it is not shown 
here either by graphs or by tables. 
/ I - 
C O N C L U B I O N S  
1. The fluid is more unstable for narrow gap approximation in the presence of suction or injection. 
2. The Taylor number is constant when the cylinders are co-rotating equally ( p  = 1.0) for any 
fluid even in the presence of suction or injection. 
3. The radial velocity is not having any countable change in the presence of suction or injection. 
It is having little effect for non-Newtonian fluids in the presence of suction or injection. 
4. It is concluded with so many calculations (for p = 1 to - 4) the vortex cells are having very littla 
effect which cannot be shown on the figure in the presence of suction or injection. 
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